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PREFACE

This technical report documents an "in-house" survey conducted from September 1972 to
March 1973 by the Aerospace Medical Research Laboratory. The work is part of a joint
Services program on air-to-ground target acquisition. The research was undertaken in response
to a request from the Target Acquisition Working Group (TAWG) established by the Joint
Tactical Coordinating Group for Munitions Effectiveness under the Joint Munitions Effec-
tiveness Manual/Air-to-Surface. The request was for the publication of information which will
become part of the Joint Munitions Effectiveness Manual and which pertains to the effective
planning and execution of flare missions for unaided air-to-ground visual target acquisition.

Current TAWG tasks include the definition of problem areas in airborne forward air controller
operations, the description and effectiveness estimation of target markers, research on target
acquisition by flarelight, summary and synthesis of existing target acquisition field test data,
and the description and evaluation of mathematical models of the visual target acquisition
process.

* The scope of the study was broadly defined by the TAWG steering committee composed of
Ronald Erickson, Chairman (Naval Weapons Center), Major Robert Hilgendorf, Co-chairman
(Wright-Patterson Air Force Base), Dr. Howland Bailey, Mathematical Model Subgroup
Chairman (Rand Corp.), Ronald Bruns (Naval Missile Center), V. Darryl Thornton (Elgin
AFB), Lt Col C. E. Waggoner (Brooks AFB), and Paul Amundson (Naval Weapons Center).
The work was conducted by the TAWG Flare Research Subgroup. Dr. Shelton Macleod
(Aerospace Medical Research Laboratory) was the principle investigator. The study was
technically reviewed by other members of this Subgroup.

The aid of the following individuals in the preparation of this report is especially acknowledged:
Mr. Carl W. Lohkamp, Research and Development Department, Naval Ammunition Depot,
Crane, Indiana, reviewed the manuscript, provided most of the ideas for the introductory
Summary of Applied Principles, and rewrote the section on Candle Composition; Mr. Robert
B. Davis, Pyrotechnics Division, Picatinny Arsenal, Dover, New Jersey, reviewed the manu-
script and provided a useful critique on the inadequacies of current pyrotechnic illumination
standards.
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SECTION I
INTRODUCTION

BACKGROUND

This document is responsive to a request from the Target Acquisition Working Group (TAWG)
of the Joint Tactical Coordinating Group for Munitions Effectiveness for the publication of
information which will become part of the Joint Munitions Effectiveness Manual and which
pertains to the effective planning and execution of flare missions for unaided air-to-ground
visual target acquisition. The following ground rules have been adopted in interpreting
TAWG's request and organizing the contents of this report. The data provided are intended
for that community of interest within the Armed Forces which is concerned with research,
engineering, planning or operational activities involving the design or deployment of illumi-
nating flares for air-to-ground visual target acquisition.

Ideally this report should be a manual which provides the user with complete information for
researching, operating and evaluating current and future illuminating flare systems. However,
such a compendium is now virtually impossible to produce, given the existing gaps and
limitations of data on flare effectiveness. Sufficient data that are valid, quantitative and appli-
cable to all user needs simply do not exist. Nevertheless, within the past 10 years ground has
been broken and a considerable amount of relevant pyrotechnic and visual research has been
generated by all three Services. This paper extracts, organizes and evaluates the data of those
studies that appear to have immediate or potential user application. Accordingly, a research-
centered document has been prepared providing the user with information, guidance\ and
recommendations that are primarily concept oriented rather than hardware oriented. Hope-
fully, the reader will be able to select, interpret and apply those sections of the report that are
relevant to his particular problems.

Certain advantages may be derived from this approach: (a) It systematizes and integrates
a wide variety of research efforts, thus increases the degree of impact on current user needs;
(b) Rather than limiting the approach to the specific equipments or systems of a particular
organization, it permits a broader degree of generality applicable to the needs of many groups
within all services; (c) It can result in stronger and more relevant interdependency between
researcher and user so that technological needs are better selected, stated and prioritized.

SUMMARY OF APPLIED PRINCIPLES FOR EFFECTIVE FLARE UTILIZATION

Although this report is primarily research oriented, stressing gaps in knowledge and the need
for empirically derived information, it would be a mistake to deny the reader those benefits
derived from practical experience which govern effective deployment of illuminating flare
systems. Such experience has led to certain "rules-of-thumb" which tend to pay off under a
relatively wide range of conditions. Some of these working principles will be included herein
for the benefit of those readers who participate directly in the planning or operation of flare
missions. These points are by no means exhaustive and are given in no particular order. They
represent the kind of advice that a seasoned user would give the planner who is learning to
deploy a flare system. Despite the likelihood that this advice will be generally beneficial, the

! ! .1
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phrase "other things being equal" should be applied to all helpful hints of this type. Subse-
quent sections of this document will be more concerned with these "other things."

Types of Flare Missions

As pointed out by Davis and Tyroler (1972), there are three general categories of missions
into which the use of illuminating flares fall, and most applications are one or a combination of
these categories:

1. Fixed Position. Here a predesignated target is at a known location and must be illuminated
as a basis for subsequent military action (e.g., strike or damage assessment).

2. Specific area. In this situation a specified area must be illuminated to such a level that, if a
known target is present, the observer has a high probability of recognizing it. This tactic is
commonly deployed in securing an area against infiltration by enemy troops.

3. Search. In this case one is concerned about finding known targets or targets of opportunity
in a relatively large suspect area, e.g., searching for tanks or trucks along a road.

Flare deployment tactics will obviously differ for each of these situations. For effective target
acquisition, the number of flares, as well as the amount of illumination required per flare
will generally increase progressively (possibly by a factor of two) as one proceeds from the
Fixed Position to the Specific Area to the Search Situation. 0
Multiple Flares

The need for multiple flare deployment (including the selection of number of component
units and temporal spacing between them) depends largely upon mission requirements. For
the Specific Area and Search Situations, multiple deployment patterns will usually be neces-
sary. Suggested formulae for effective launch cycles under these conditions are given in reports
by Blunt and Schmeling (1968 pgs 57-63) and by Starrett (1964). Fixed-Position missions are
unlikely to require launching more than two flares the same pass.

Atmospheric Effects

Because cloud formations greatly reduce the probability of target acquisition by scattering
and attenuating flare light, every attempt should be made to launch flares over openings in
cloud cover or beneath cloud layers.

Even a moderately restrictive meterological condition (i.e., a slight ground haze) which re-
duces the meterological range by one-half is also likely to reduce the probability of detect-
ing a target by the same amount.

Glare-Angle

The geometry of deployment should be such as to maintain a glare-angle (i.e., 'the angle *
formed at the observers eye from respective lines of regard to the flare and the target) larger

2
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than 7'. For smaller glare angles excessive veiling illumuination from the flare will obscure the
visual image of the target. In any case the observer should refrain from looking at the flare, since
this can significantly impair his night vision for several minutes. During this time his ability to
acquire targets will be reduced.

Flare Ignition Altitude

This should generally be kept as low as possible without sacrificing other requirements to
(1) prevent glare, (2) maintain a sufficient bum-period to search for the target, and (3) avoid
ground-burning. Flares ignited at low altitudes provide iess opportunity for wind-drift and
enemy-alert before the target is adequately illuminated. Moreover, a relatively low illuminating
source, increases the probability of effectively silhouetting the target.

Relative position of Observer, Target and Flare.

If mission requirements emphasize the need for visual target acquisition, it is generally best to
drop the flare on the far side of the target from the observer (i.e., back-lighting the target).
Under these conditions it is most advantageous to not have the observer, target and flare in
the same vertical plane. A minimum lateral observer-offset of 15 degrees is recommended.

If, on the other hand, a higher priority is placed on the safety of the observational aircraft, the
flare should be dropped between it and the target, thus providing an illuminating shield against

* hostile detection.

Illuminating Target Background.

Placement of flares should be such as to take full advantage of cues to target detection, i.e.,
features of the environment (rivers, roads) which are invariably associated with certain types
of targets (boats, bridges, vehicles). If, on the other hand, features of the environment consti-
tute clutter (i.e., irrelevant objects such as trees or cattle likely to be confused with targets),
the level of flare illumination must be increased to minimize observer-error.

Slant Range Visibility

The probability of recognition approaches an unacceptable level at observer-to-target distances
(slant ranges) where the visual angle subtended by the target is less than one minute of arc.
A rapid estimation of this limiting distance is given by the formula D = 3500L where D is the
observer-to-target distance and L is the largest dimension of the target projected to the eye.
At most practical slant ranges it will be virtually impossible for the aircraft observer to identify
discrete personnel. Direct sighting of this small a target (which is able to effectively use ground
cover) is generally not feasible.

Aircraft Speed

0 There is generally an inverse relationship (beyond some low limiting speed) between aircraft

3
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velocity and probability of target acquisition. Hence observer aircraft speed should be main-

tained as slow as possible (within equipment or mission constraints).

Utilization of Wind

Flare light acquisition will generally be unfeasible during periods of exceptionally strong or
gusty winds which blow the flarelight off the target. Nevertheless for moderate winds (up to
about 20 knots), where altitude profiles of wind velocity are available, flares may be advanta-
geously dropped with wind-drift taken into account so as to drift over the target at the time
of most effective illumination or, possibly, to provide effective light while drifting over an ex-
tended area.

Wind-Screen Condition

A surprising amount of degradation in the observer's ability to sight targets may be directly
attributable to the condition of the wind screen through which he is looking. Accumulated ef-
fects of scratches, dirt and grease on this viewing media can reduce light transmission by as
much as 50 percent. The transmissivity of the window material is also important and requires
checking.

MILITARY APPLICATIONS OF ILLUMINATING FLARES

The deployment of visual illuminating flares is part of a broad class of operations known as
Military Pyrotechnics. This has been defined by Hart (1955) as a "category of ammunition
employed primarily for the production of light, heat, smoke and sound for such typical nonde-
structive purposes as battlefield illumination, signalling, marking, tracking, tracing, spotting,
ignition, simulation and aerial night photography... produced as a result of chemical reactions
caused by the application of proper stimuli to chemical elements or compounds alone or in
intimate mixtures. Military pyrotechnics are major aids and accessories in tactical operations
for communications, warning, reconnaissance and the effective application of destructive fire-
power, in strategic operations for intelligence, in supporting activities such as rescue operations
and troop training, in research and development of rocket powders and propellants, and in ex-
ploration of the upper atmosphere."

Within the broader range of pyrotechnics this paper is concerned with the illumination flare, a
ground illumination system designed to be air-launched at night and to provide sufficient light
over designated areas for specific kinds of military operations to occur. Included here are such
diverse activities as navigation, rendezvous, reconnaissance, target marking, ground support,
search and rescue, disruption of enemy gunners, terminal guidance, and strike illumination.
Note that for special applications flares may be designed to emit invisible irradiation. Here the
flare emission enhances the use of infrared night vision aids for target acquisition by providing
the required type of background illumination.

TARGET ACQUISITION RESPONSES

Of prime concern in this report is the use of flares for air-to-ground unaided visual target acqui-
sition from observational aircraft. A point worth stressing here is that the required kinds and *
4
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O levels of target acquisition responses can vary widely depending on the type of military appli-
cation which the flare-light illumination supports. Thus illuminating a prelocated target places
a different visual requirement on the human observer (elicitation of a single preset confirming
reaction) than does the illumination of an area under surveillance (which requires search and
the possibility of alternative responses). Still another alternative would be the illumination of
suspect areas for targets of opportunity, where an observer searches with even less knowledge
of what he is looking for. Differing military requirements can also dictate different levels of
response specificity. These have been categorized as: (1) Detection-merely locating an un-
specified object, (2) Orientation--being able to discern the long and short dimensions of a
suspect target, (3) Recognition- sufficient labeling of a target to establish the general class of
objects to which it belongs (e.g., tank), (4) Identification-more precise categorization of a
target (e.g., an M-15).

In addition to the responses associated with labeling the target, target acquisition may also
involve responses for gauging the relative or absolute location or distance of the target with
respect to the observer or other points of reference.

Mission requirements for visual target acquisition will also dictate the speeds with which ob-
servers must respond and the relative cost of different types of response errors, i.e., errors of
location, misidentifications or omissions.

) ,

For visual flares (as is the case for all other visual acquisition systems), the effectiveness of the
total system, as well as its various components, is based largely on the extent to which system
outputs in the form of target acquisition responses satisfy the information acquisition require-
ments for which the system has been designed. In this case the responding unit is the eye and
brain of a human observer.

DESCRIPTION OF FLARE DISPENSING SYSTEMS

As indicated in the Introduction, the approach to be taken in this paper is to provide guidance
to tri-service users on flare effectiveness at a generalizable level as opposed to a more specific
equipment-centered approach. However, to satisfy the interests of the more operationally
oriented reader descriptions will be given in Appendix A of seven flare systems: XM170,
M8A1, LUU-2/B, MK45, MK24, LUU-3/B (ATTACK), and MLU-32/B (Briteye). These
have been taken from a recent report of the Joint Technical Coordinating Group for Air
Launched Non Nuclear Ordinance (JTCG/ALNNO). They are representative of air
launched illumination flares for the three services. Table I gives numerical comparisons among
these systems with respect to: candlepower, burn-time, descent rate, weight, diameter, length,
status and user. However, here it will suffice to merely provide a functional listing of
the major components comprising a typical air-drop illumination flare system along with a
description of how these fit into the deployment cycle. For illustrative purposes a cross section
of the MK--45 showing major flare components is given in figure 1 and an illustration of its
deployment appears in figure 2.

The components of a typical flare are housed in a cylindrical container. One of these is a pre-set,
time-delay fuse assembly activated by the pull of a launching lanyard. A fuse-setting controls

5
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Figure 1. MK-45 Aircraft Parachute Flare
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Figure 2, MK--45 Illumination and Final Collapse Stages

O7


